This study aimed to identify potential factors responsible for geographically structured morphological variation within the widespread Australian frogs Limnodynastes tasmaniensis Günther and L. peronii Duméril & Bibron. There was support for James's rule, and both latitude and present climate explained large amounts of the variation in body size and shape (particularly in L. peronii ). There was also some support for the influence of several biogeographical barriers. Finally, both species were sexually dimorphic for body size and the degree of sexual size dimorphism (SSD) varied geographically. Climate was an important explanation for SSD variation in L. peronii , while latitude was most important for L. tasmaniensis . Geographical variations in sexual selection via male-male physical competition and climate-related resources are suggested as potential explanations for SSD variation in L. peronii .
INTRODUCTION
Body size is a fundamental morphological trait, important in a physiological, ecological and social context. Geographically structured variation in morphology, particularly body size, is common within many species (Avise, 2000) . However, the causes and maintenance of geographical variation in morphology (including body size) are likely to be complex, and are not always well understood (Case & Schwaner, 1993; Partridge & French, 1996; Baez & Brown, 1997; Malhotra & Thorpe, 1997) . Many macro-and microevolutionary processes, both adaptive and nonadaptive, have been proposed for the maintenance of variation in body size and shape. Examples of potential forces producing geographical variability in morphology include: (i) selection in response to geographical variation in prey type or predation pressure (e.g. Shine, 1987; Arnett & Gotelli, 1999a; Schneider et al ., 1999) ; (ii) effects of climate or other environmental parameters on growth rates (e.g. Riha & Berven, 1991; Castellano, Giacoma & Dujsebayeva, 2000 ; see also Van Der Have & De Jong, 1996) ; (iii) variation in the level and nature of sexual selection and sexual size dimorphism (e.g. Endler & Houde, 1995; Wiens, Reeder & Montes, 1999; Storz et al ., 2001) ; and (iv) non-selective genetic factors such as drift and founder effects (Baker, Peck & Goldsmith, 1990; Nussbaum & Wu, 1995; Demetrius, 2000) .
Additionally, a range of general ecographic rules for morphological variation has been developed. For example James's rule (also known as Bergmann's rule; see Blackburn, Gaston & Loder, 1999) predicts that body size within species increases with latitude (distance from the equator). The clines in body size predicted by James's rule have been observed in many endotherms (Ashton, Tracy & de Queiroz, 2000) and ectotherms (Partridge & French, 1996; Arnett & Gotelli, 1999b) , although some groups of ectotherms show reverse body-size clines (Mousseau, 1997; Sota et al ., 2000) .
Among anurans, analyses of intraspecific geographical variability in morphology have often revealed extensive variation in body size (Lee, 1993; Mendelson, 1998; Castellano et al ., 2000) . Previous work also indicates that body size varies among some populations of the widely distributed Australian frogs Limnodynastes tasmaniensis Günther and L. peronii Duméril & Bibron (Moore, 1961; Wilson, 2000; Wilson, 2001) . However, geographical variation in morphology has not been investigated at the scale of these species' overall distributions. Accordingly, in this study I describe broad-scale geographical variation in body size and shape for L. tasmaniensis and L. peronii based on examination of a large number of museum specimens. Furthermore, I aim to gain an understanding of the relationships between morphology and several key environmental and evolutionary factors that potentially influence morphological variation at ecological and evolutionary time-scales. Thus, I address geographical variation in morphology with regard to four major issues; general ecographic rules, climate variation, historical barriers to gene flow, and sexual selection.
First, given the broad east coast distribution of both species, I consider the variation of body size and shape in L. tasmaniensis and L. peronii in relation to latitude, a broad environmental index commonly congruent with morphological variation (e.g. Mousseau & Roff, 1995; Wigginton & Dobson, 1999; Loeschcke, Bundgaard & Barker, 2000) . Specifically, I ask: how much of the observed variation in body size can be accounted for by variation in latitude, and does body size vary in accordance with James's rule?
Secondly, I address the influence of environment on morphology in a more explicit way by asking: to what extent can body size and shape variation in L. tasmaniensis and L. peronii be explained by variation in precipitation, temperature and radiation? These three climate variables were chosen because the first two have been shown to correlate with body size and shape divergence in other anurans (Nevo, 1973; Hemelaar, 1988; Lee, 1993; Castellano et al ., 2000) and the third varies extensively across the range of both study species.
Thirdly, I examine the importance of several potential biogeographical barriers in the generation of morphological variation within L. tasmaniensis and L. peronii . Several geological and environmental features of the Australian east coast may represent barriers to gene flow, currently and/or historically, and are hypothesized to have influenced the evolution of morphological divergence in a range of Australian fauna (Schäuble, 2002; see Fig. 1) . Assuming morphology has at least some genetic basis, increased genetic isolation between populations may be expected to produce increased geographical variation in morphology. Thus, I ask: is there significant morphological divergence across these biogeographical barriers?
Fourthly, I explore sexual dimorphism in L. tasmaniensis and L. peronii. These species are closely related (Schäuble, Moritz & Slade, 2000) and probably display opposing patterns of sexual size dimorphism (Moore, 1961) . However, it is not known whether sexual dimorphism varies geographically within these species. I ask, for each species: which sex is larger and do intersexual discrepancies in size show significant variation across latitude?
METHODS M EASUREMENT OF MORPHOLOGY
I examined 1680 L. tasmaniensis and 646 L. peronii specimens from collections in the following Australian museums: Queensland Museum (QM), Museum of Victoria (MoV), South Australian Museum (SAM), Australian Museum (AM), Queen Victoria Museum (QVM), and the Hobart Museum (HM). Museum reference numbers for these specimens are provided in Appendix B of Schäuble (2002) . Schäuble (2002) also shows the geographical distribution of specimens. Only animals considered sexually mature have been included in morphological analyses. Individual frogs were sexed using secondary sexual characteristics. Males were identified by the presence of nuptual pads (both species) or bony excrescences ( L. peronii ) on the fingers and darkened throat patches; females were identified based on fleshy flanges on the fingers (but see Roberts & Seymour, 1989) or eggs in the body cavity. Eggs were usually visible through the skin of the belly, but were sometimes confirmed by dissection. The reliability of sexing based on secondary sexual characteristics of the digits was confirmed early in the study by dissecting animals and checking for testes/ ovaries.
I used Mitutoyo Vernier dial callipers (accurate to 0.02 mm) to take four morphometric measurements (based on those used by Zweifel, 1972 ) from each frog: snout-urostyle length (SUL), head width (HW), jaw length (Jaw), and tibia length (Tibia). Snout-urostyle length was taken from the tip of the snout to the posterior tip of the urostyle bone and is considered more accurate than snout-vent length (Mecham, 1960) . Head width was taken just behind the tympanum at the widest point of the head. Jaw length was taken from the tip of the snout to the inner angle of the jaw inside the mouth. Tibia length (a bilateral trait) was measured on the animal's left side from the outer surface of the distal joint of the tibia to the tibial anterior tuberosity, i.e. just below the knee joint as per Zweifel Based on the museum specimens used for each species, I give mean latitude and longitude for biogeographical regions (this location is also marked with a dot), and male then female sample sizes (numbers in parentheses indicate sample size after removal of specimens whose position information placed them offshore; see text). (1972) . I randomly selected ten L. tasmaniensi s museum specimens (from a jar containing more than a hundred frogs) and measured each of them ten times in random order to evaluate the repeatability ( r ) of the four measurements (Lee, 1982; Lessells & Boag, 1987; Lee, 1990; Hayek, Heyer & Gascon, 2001) . Repeatability ( r ) was calculated as:
where s 2 among and s 2 within are the among-groups and within-groups variance components, respectively, and r falls between zero and one (Lessells & Boag, 1987) .
I calculated overall body size using a principal components analysis (STATISTICA: StatSoft Inc, 2000) on the covariance matrix of raw morphological measurements (SUL, HW, Jaw, Tibia). This was performed for each species separately. The first principal component (PC) calculated from a set of morphometric measurements generally expresses body size variation when all traits load largely and in the same direction (Reyment, Blackith & Campbell, 1984) . Remaining variance describes relative shape differences that are not due to body size (and these are expressed in subsequent PCs). The relative contributions of the original variables to each principal component were determined from the matrix of factor-variable correlations. I used a single PCA on the total morphological dataset for each species as analysis of results from single sex PCAs showed that the subspaces defined by the first two principal components had the same orientation in both sexes. Specifically, the sums of the eigenvalues ( S ), were 1.92 and 1.98 for L. peronii and L. tasmaniensis (respectively) out of a possible range of 0-2, where 2 indicates identical subspaces (Krzanowski, 1979) .
Amphibians and reptiles are assumed to show indeterminate growth (Duellman & Trueb, 1994) . If body size does accurately reflect age (see Halliday & Verrell, 1988) in L. tasmaniensis and L. peronii , it is possible that observed geographical patterns result not from sampling populations that have intrinsically different body sizes, but instead from sampling populations that have markedly different age structures, e.g. lots of young (small) animals vs. lots of old (large) animals. Relevant information on demography is not available for these species. Therefore, I assume that the museum specimens represent samples from populations with relatively similar age structures, both presently and during the ~ 60-year period over which specimens were collected. see http://www.auslig.gov.au/mapping/ names/natgaz. htm). As most museum databases did not provide highly accurate positional data, the accuracy of the latitude and longitude data used in this study probably varies between hundreds of metres and several kilometres. Owing to a lack of suitable information, no attempt was made to correct the positional data of specimens that were placed offshore ( L. tasmaniensis, N = 39; L. peronii N = 35) . Despite the need for caution when using imperfect positional data, the large geographical scale on which this comparative study concentrates mitigates this potential problem to some extent.
E AST COAST VARIATION IN MORPHOLOGY : LATITUDE AND CLIMATE

Latitude
The distributions of both L. tasmaniensis and L. peronii are extremely large and encompass a wide range of habitats and environments. In order to most effectively compare correlates of morphological variation between the two species, I restricted my analyses to specimens distributed within approximately 150 km of the coast and east of the Murray River (South Australia). This allowed me to compare the response of body size and shape to location and climate variation across equal geographical areas for both species, and removed the confounding effects of the extended western distribution of L. tasmaniensis . Morphological changes across the whole range of L. tasmaniensis are discussed in terms of differences between biogeographical regions in a later section of this paper.
I used a regression approach to look for relationships between body size/shape and latitude, examining the sexes separately (Hayek et al ., 2001) . Latitude was categorized into one-degree-wide blocks (Table 1) and regression lines calculated through the block means for body size/shape. I tested for non-linearity of these relationships using the 'test of significance in multiple regression' procedure from Sokal & Rohlf (1995: 627) to determine if the amount of variance explained was significantly increased by including a quadratic term in the model, rather than a linear term alone.
Elevation can have important environmental and climatic consequences, and is often used as a general environmental index in much the same way as latitude. However, L. tasmaniensis and L. peronii specimens were not evenly distributed across elevations, and the non-linear relationships between body size/ shape and latitude prevented the use of latitude as a covariate in any analysis of elevation and morphology. For these reasons, I did not attempt to assess the effect of elevation on morphology, or to compare the effect of elevation with that of latitude. Likewise, I was unable to explicitly consider variation in elevation when conducting the latitudinal analyses presented in this study. Non-linear relationships between morphology and latitude precluded comparison of the relative contributions of variations in latitude, climate and biogeographical region to geographical variation in morphology, at least in terms of statistical techniques based on linear regression. Approaches such as those invoking non-linear regression were outside the scope of this study.
Climate
Next, I explored the relationship between body size/ shape and more specific environmental factors. I calculated five raw climate variables for each specimen using data from AUSLIG ( Annual mean temperature , Annual precipitation , Precipitation of wettest period , Precipitation of driest period and Annual mean radiation ). Radiation (solar) provides an additional index of environmental temperature to that given by annual mean air temperature. Climate layers were created in BIOCLIM (Houlder et al ., 2000) using a nine Second Digital Elevation Model (DEM) for Australia (AUS-LIG, 2001 ). Climate variables could not be calculated for specimens whose collection locations erroneously appeared to be offshore. This included all L. peronii specimens from Tasmania and Western Victoria.
The five raw climate variables did not meet normality or homogeneity of variance assumptions of linear regression analysis, although I improved this by taking the natural log of all variables except Precipitation of driest period . Additionally, these raw climate variables are highly correlated with each other. Therefore, I produced new, orthogonal, climate variables through principal components analysis of the raw climate variables across all locations for both L. tasmaniensis and L. peronii together. The analyses were conducted on correlation matrices rather than covariance matrices, as measurement scales differed between variables (McGarigal, Cushman & Stafford, 2000) . The relative contributions of the original variables to each principal component (PC) were determined from the matrix of factor-variable correlations. To assess the amount of body size/shape variation that could be explained by each climate PC, I performed best subsets multiple regression of body size on all PCs and used Mallows C p statistic to determine the best regression model (for method, see p. 299 in Draper & Smith, 1981) . The direction of the relationship between body size and each of the climate PCs retained in the final regression model was determined from the sign of the correlation coefficients, and the magnitude of these coefficients gave indications of the relative importance of each PC.
B IOGEOGRAPHICAL BARRIERS
I coded the location data for the full set of specimens for both L. tasmaniensis and L. peronii into broad biogeographical regions reflecting the positions of postulated biogeographical barriers (Mackerras, 1962; Ford, 1986; Ford, 1987a; Ford, 1987b; Schodde, Mason & Wood, 1993; Crisp, Linder & Weston, 1995; James & Moritz, 2000; Schäuble & Moritz, 2001 ) and the areas of endemism described by Cracraft (1991) . Relevant barriers were; the Burdekin Gap, the McPherson Range, the Hunter River Valley, the Eastern Highlands at the Victoria-New South Wales border, Bass Strait, the Bassian Volcanic Barrier, and the Murray River in South Australia. Codes and sample sizes for biogeographical regions, and positions of biogeograph- I investigated sexual dimorphism and its relationship with latitude in two ways. First, I examined dimorphism in overall body size of L. tasmaniensis and L. peronii. Scatterplots confirmed that both male and female specimens of each species were similarly distributed across latitude and longitude in both species. Therefore, I used one-way ANOVA (Type IV sums of squares) to assess the significance of overall size difference between the sexes in each species. I then used the following general index of sexual size dimorphism (Gibbons & Lovich, 1990) to investigate variation in gender-related body size differences along an east coast latitudinal gradient that was categorically divided into one-degree blocks.
SSD (for each one degree block) = mean body size of the larger sex/mean body size of the smaller sex.
Because body sizes (PC1) were centred on zero, I added a positive constant (which was larger than absolute value of the most negative number) to both the male and female body size means for each latitude block before calculating the SSD ratio. I arcsine transformed the SSD ratio before performing linear regression to test the significance of the relationship between SSD and latitude in each species. As in the analyses of climate and body size, I excluded specimens taken more than 150 km from the coast (INLAND region) and those west of the Murray River (WEST region).
To assess the amount of SSD variation that could be explained by climate and latitude, I performed best subsets multiple regression for SSD and used Mallows C p statistic to determine the best regression model (see p. 299, Draper & Smith, 1981) . In order to include latitude and climate in the same analysis, I calculated the mean value for each of the four climate components for each one-degree latitude block. The direction of the relationship between SSD and each of the variables retained in the final regression model was determined from the sign of the correlation coefficients, and the magnitude of these coefficients gave indications of the relative importance of each variable.
RESULTS
Mean values for raw morphological measurements are given in Table 2 . Repeatabilities were high for all measurements [r = 0.99 (SUL), 0.78 (HW), 0.87 (Jaw), 0.95 (Tibia)], indicating their suitability for further analysis. In L. tasmaniensis the first PC (Body size) explained 93% of the total variance in the morphological data; in L. peronii the value was 94%. All original variables loaded heavily and in the same direction onto this component (Table 3 ). The second PC (PC2) explained 4% and 3% of the variance in the original data for L. tasmaniensis and L. peronii, respectively, and factor scores of this component were retained as the variable 'body shape'. Original variables loaded onto this second component differently in each species (Table 3) . PC2 correlated positively and most strongly with head width and jaw length in L. tasmaniensis, indicating that head robustness accounts for the dominant source of shape variation in this species. In con- 12.1 ± 1.4 (7.8-18.9)
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Climate
The first three principal components (PCs) based on climate variables explained 51%, 34% and 8% of the total variation in climate. Loadings of original variables onto these principal components are given in Table 5 . PC1 reflects a 'tropical-temperate' gradient, where PC1 decreases with decreasing precipitation (annual and wettest period) and solar radiation. For example, PC1 expresses a major climate difference between Eungella in Queensland and Tomahawk in Tasmania. Decreasing PC2 values correspond to decreased dry period precipitation and increased refer to PC2 as the 'dry season wet-arid' gradient. PC3 is more difficult to interpret, but appears to represents a 'cool bright-warm dull' gradient that contrasts high radiation with low mean annual temperature (sunny and cool vs. less sunny but warm). Inspection of the raw data suggests that PC3 represents a dichotomy between high elevation sites at medium latitudes (e.g. the northern tablelands of NSW) and coastal sites at lower latitudes (e.g. Warrnambool, Victoria). Best subsets regression showed that climate was significantly correlated with body size in L. tasmaniensis (males: F 3,590 = 8.7, adjusted R 2 = 0.04, P < 0.001; females: F 3,495 = 38.15, adjusted R 2 = 0.18, P < 0.01) and L. peronii (males: F 3,310 = 85.90, adjusted R 2 = 0.45, P < 0.01, females: F 3,274 = 45.12, adjusted R 2 = 0.32, P < 0.01). Mallows C p statistics indicated that the models which explained most variation included all three climate PCs. The standardized regression coefficients indicated that male and female body sizes were correlated with climate variables in a generally similar way in both species (Table 6) , although L. peronii body sizes were positively rather than negatively correlated with the 'cool bright-warm dull' gradient (PC3). Overall, male body size was most influenced by the 'dry season wet-arid' gradient, and body size increased in cold climates where rainfall was high in the driest period. In females, large size was predominantly correlated with less tropical climates. As was the case for latitude, climate explained the greatest amount of body size variation in the larger sex of each species.
Body shape was significantly, but relatively weakly, correlated with climate in both species (L. tasmaniensis: males, F 2,591 = 14.38, adjusted R 2 = 0.04, P < 0.001; females, F 3,495 = 15.14, adjusted R 2 = 0.08, P < 0.001: L. peronii: males, F 1,312 = 31.99, adjusted R 2 = 0.09, P < 0.001; females, F 2,275 = 16.07, adjusted R 2 = 0.10, P < 0.001). The models that explained most variation did not always include all three climate PCs. Variation in male L. tasmaniensis body shape (i.e. head shape and relative head size) was best explained by the 'tropical-temperate' and 'cool bright-warm dull' gradients only (PC1 and PC3; Table 5 ). For females, all three climate PCs were Means, SE and SD are given for body shape (PC2) across one-degree latitude blocks. Whether a quadratic or linear relationship was most appropriate is also identified on each graph. Sample sizes for each block are given in Table 1 . ogy and latitude described in previous analyses, at least along the east coast. Nevertheless, the biogeographical region analyses provide some important additional information.
In L. tasmaniensis there was a general tendency for INLAND frogs to be larger than coastal frogs. However, a key finding was the sharp divergence in body size and shape across the Murray River barrier in L. tasmaniensis (WEST vs. WESTVIC; Fig. 4) . Limnodynastes tasmaniensis head size increased significantly from east to west for both sexes, and in relation to all other biogeographical regions; WEST frogs were particularly large and WESTVIC frogs particularly small (Fig. 4) . The Eastern Highlands barrier (EAST-VIC vs. SNSW) was also correlated with significant size and shape changes. North of the Eastern Highlands barrier, head size increased in L. tasmaniensis and body size decreased in L. peronii (Fig. 5) . Additionally, the tibia and jaw lengths of female, but not male, L. peronii increased significantly across this barrier. Further north, female body size of L. peronii decreased across the Hunter Valley barrier (Fig. 5) , and both male L. peronii and female L. tasmaniensis body sizes decreased significantly north of the McPherson Range (Figs 4, 5) .
Female L. tasmaniensis were significantly larger than males (all specimens, F 1, 1678 = 64.94, P < 0.001), although body size ranges overlapped considerably. Examination of means indicated that, overall, female SULs were larger by around 1.5 mm (Table 2 ). Sexual (Table 2) . Furthermore, male and female body sizes showed less overlap in L. peronii than in L. tasmaniensis. There was a trend for sexual size dimorphism (SSD = larger sex:smaller sex) to vary with latitude in both species (INLAND and WEST specimens not included). Sexual size dimorphism became more pronounced in the southern end of the species' ranges, although the relationship was non-significant in L. peronii ( Fig. 6 ; L. tasmaniensis: F 1,16 = 9.03, adjusted R 2 = 0.32, P = 0.008; L. peronii: F 1,21 = 4.23, adjusted R 2 = 0.13, P = 0.052). In addition to size, body shape varied between sexes. Male L. tasmaniensis had larger heads than females, and male L. peronii had larger tibias than females (L. tasmaniensis: F 1,1678 = 147.10, P < 0.001; L. peronii: F 1,644 = 52.90, P < 0.001).
Best subsets regression of SSD on latitude plus climate variables indicated that, for L. tasmaniensis, the model explaining most variation in SSD was significant and included only latitude (F 1,14 = 7.03, adjusted R 2 = 0.29, P = 0.019; Table 7 ). In contrast, the best subsets model for L. peronii comprised of climate variables PC2 and PC3, and latitude. This model explained almost 60% of the variation in SSD (F 3,19 = 12.27 , adjusted R 2 = 0.59, P < 0.001; Table 7 ). More specifically, sexual size dimorphism in L. peronii was most affected by the 'dry season wet-arid' climate gradient (PC2), with SSD increasing with increasing 
DISCUSSION
This study confirms significant geographical variation in the body size, shape and extent of sexual dimorphism of Limnodynastes tasmaniensis and L. peronii. Relationships between body size and latitude provide support for James's rule and body size variation appeared highly influenced by variation in climate. This was particularly marked in L. peronii. Morphological variation was at least partly related to climate gradients, although climate was a stronger correlate of morphology in L. peronii than L. tasmaniensis. Few of the landscape features proposed as historical barriers to gene flow were congruent with significant changes in morphology for L. tasmaniensis or L. peronii. However, this may be partly due to insufficient fine-scale sampling across barriers. Overall, the Murray River, the Bassian Volcanic Barrier, Bass Strait and the Eastern Highlands at the Victoria/NSW border were the sites most clearly associated with morphological change. Sexual size dimorphism (SSD) operated in opposing directions in the two species (females were larger in L. tasmaniensis), was more pronounced in L. peronii. Climate and latitude explained around 60% of the SSD variation in L. peronii.
While observed morphological differences between populations may reflect genetic and/or environmental variation, my findings can only be interpreted within the limitations of a correlational framework (rather than an experimental one). Future studies of L. tasmaniensis and L. peronii might aim to use reciprocal/common environment experiments and quantitative genetic approaches to estimate the relative contributions of genetic and environmental factors to the generation of the geographical variation in morphology observed in the current study.
EAST COAST VARIATION IN MORPHOLOGY: LATITUDE AND CLIMATE
Latitude
As predicted, latitude explained a large amount of the observed variation in body size (L. tasmaniensis males 13%, females 70%; L. peronii males 85%, females 64%) with southern frogs larger than northern frogs, in accordance with the predictions of James's rule (Blackburn et al., 1999) . The similar latitude-body size association observed in L. tasmaniensis and L. peronii prompts the question: are there causative factors in common? This is not simple to address because latitude potentially indexes a complex mix of environmental and ecological factors. However, latitudinal variation in climate parameters such as temperature, precipitation and humidity are frequently thought to drive morphological variation in many taxa, e.g. copepods (Lonsdale & Levinton, 1985) , ant lions (Arnett & Gotelli, 1999b) , fruit flies (Robinson & Partridge, 2001; Hallas, Schiffer & Hoffman, 2002) , frogs (Jameson, et al., 1973) , lizards (Michaud & Echternacht, 1995) , squirrels (Lindsay, 1987) , and gliders (Quin, Smith & Norton, 1996) . Therefore, additional insight into the mechanisms behind geographical body size variation in L. tasmaniensis and L. peronii may be gained by considering relationships between body size and specific climate gradients.
Climate
Overall body size. The consequences of particular environmental characteristics for ecological and life history characteristics can have significant influence on the mean body size within a population. Physiologically critical variables such as temperature, humidity, seasonality and length of growing season can directly affect growth rates and contribute to interpopulation differences in mean body size. Reeve, Fowler & Partridge (2000) found evidence that thermal selection for larger adult males was at least partly responsible for producing larger body size in Drosophila melanogaster at low temperatures, and Hemelaar (1988) found Bufo bufo from France grew much faster than northern (Norwegian) or high (Swiss) elevation populations. Yet climate variation does not always explain body size variation. Growth and age of maturation of Rana macronemis vary across some populations in the Near (Moore, 1961; Martin & Littlejohn, 1982) . Although limited, these observations suggest that male-male physical competition is more intense (or has more effect on reproductive success) in L. peronii and may have led to malebiased size dimorphism in that species. Alternatively or additionally, female-biased size dimorphism may have arisen in L. tasmaniensis through selection favouring larger female size, e.g. acting to increase clutch or egg sizes (Shine, 1988) , or observed patterns of SSD in both species may result from age differences between sexes (Monnet & Cherry, 2002) .
Why does the extent of SSD vary with geography?
One possibility is that SSD variation is associated with climate variation. Indeed, several climate gradients and latitude were identified as important correlates of SSD variation in L. peronii. Specifically, absolute SSD was strongly and negatively correlated with the 'dry season wet-arid' climate gradient, i.e. males were likely to be increasingly larger than females as dry season precipitation increased and temperature decreased. A potential explanation for geographical variation in SSD is increased competition for mates, linked to climate factors. Few quantitative data are available on basic reproductive, life history and social behaviour for L. peronii. However, it is possible that realized breeding seasons in areas of Australia with high dry season precipitation and cooler temperatures are more unpredictable than in northern, tropical areas. Similarly, altered population sex ratios may make females less available in such places. If so, heightened importance of male-male physical competition might explain an increase in male body size compared to female size. For example, Jenssen et al. (1995) noted a latitudinal cline in sexual size dimorphism in the American lizard Anolis carolinensis. On the basis of information on sex ratios and mating system, those authors concluded their data were best explained by sexual selection. Jenssen et al. (1995) also hypothesized that shorter breeding seasons at high (cold) latitudes caused increased frequency and intensity of aggression among males and selected for increased body size. Extensive geographical variation in SSD consistent with variation in male-male combat has also been observed within the Australian carpet python, Morelia spilota (Shine & Fitzgerald, 1995; Pearson, Shine & Williams, 2002) .
In contrast to L. peronii, the best regression model for SSD in L. tasmaniensis contained only latitude. As male body size was only weakly associated with latitude in this species, variation in SSD for L. tasmaniensis may predominantly reflect latitudinal changes in female body size. Factors driving this latitudinal variation are yet to be clearly identified, but may include selection for production of more or larger eggs at southern latitudes.
This study has demonstrated that patterns of geographical variation in SSD within L. tasmaniensis and L. peronii are both interesting and complex. Naturally, my interpretations are tempered by sampling limitations. Future studies could redress these limitations via explicit comparisons of SSD between wellsampled, individual populations spread across latitude, elevation or climate gradients.
